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Abstract. Genetic connections between anomalous X-ray pulsars (AXPs) or soft gamma repeaters (SGRs) and
supernova remnants (SNRs) can hold important clues to the nature of these objects through the properties of the
associated SNRs. We examine various criteria jointly to assess the reliability of possible connections. 3 AXPs and
2 SGRs are most probably genetically connected with SNRs. Distances and ages are discussed and their likely
ranges are indicated.
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1. Introduction
In this work, we examine the connections of anoma-
lous X-ray pulsars (AXPs) (see van Kerkwijk 2000 and
Mereghetti 2001a, 2001b for reviews) and soft gamma re-
peaters (SGRs) (see Hurley 2000 for a review) with super-
nova remnants (SNRs).
These two classes of objects have attracted much at-
tention. The SGRs exhibit repeated bursts of soft gamma
rays. Their quiescent X-ray properties are similar to those
of AXPs. Indeed, AXPs and SGRs together constitute the
set of all neutron stars with typical accretion luminosities,
observed rotation periods but without evidence for binary
companions. Both classes of objects are similar in their
periods (P ∼ 10 s), period derivatives, spectra, and lumi-
nosities.
There are currently two alternative models for these
objects. The magnetar model posits that these sources
are isolated rotating neutron stars with surface dipole
magnetic fields of 1014-1015 G, extracting their luminosity
from the decay of the magnetic field. The magnetar pic-
ture also provides a model for the soft gamma-ray bursts.
The spindown of the object is believed to obey a modified
dipole spindown equation, Ω˙ = –kΩn where n = 3 for pure
dipole radiation, and n can be greater than 3, possibly as
Send offprint requests to: A. Ankay
high as n = 5 when the decay of the magnetic field is
driven by spindown (Ruderman et al., 1998). In magnetar
models the age of the neutron star can be estimated as
a characteristic time τ = P/(n− 1)P˙ , assuming that the
initial rotation period was much shorter than the current
rotation period.
The alternative model is that the X-ray luminosity is
due to accretion from a fall-back disk that is left over from
the supernova that formed the neutron star. This model
does not include a dynamical explanation for the gamma-
ray bursts of the SGRs. It seeks to classify all kinds of
young neutron stars as propellers and accretors from a
fall-back disk. The similarities and differences of the dif-
ferent classes, including the radio pulsars, the dim ther-
mal neutron stars, and the ”radio quiet” neutron stars like
the source in Cas A in addition to the AXPs and perhaps
SGRs, are supposed to be due to the presence or absence of
a fall-back disk and different disk initial conditions. In this
model AXPs and SGRs are supposed to be in an asymp-
totic regime near rotational equilibrium, and there is no
way to estimate their ages from the observed period, P and
period derivative, P˙. Therefore, for discussing the possible
association of AXPs and SGRs with SNRs, age informa-
tion for the SNR can be used to make a comparison only
if it is assumed that the AXP or SGR is a magnetar.
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Finding genetic relations between AXPs/SGRs and
SNRs is important for several reasons. We have much more
information about SNRs than we do for AXPs/SGRs. If
we find a genetic connection between an AXP/SGR and
a SNR we can use the SNR’s data for the AXP/SGR. In
particular the age of the SNR can be used to provide an
age estimate for the AXP/SGR within error limits. It is
also important to find distances of AXPs/SGRs. By using
the distance value of the associated SNR as the distance
of the AXP/SGR we can calculate the luminosity of such
objects. Further, it is important to compare the character-
istics of the SNRs possibly connected with AXPs/SGRs
with the characteristics of other SNRs associated with ra-
dio pulsars to see if there are significant differences be-
tween them.
Some of the young radio pulsars are not associated
with SNRs; Kaspi (2000) gives a list of the youngest 17
pulsars with ”characteristic ages” τ = P/2P˙ ≤ 2.44 × 104
yrs. For 7 of these pulsars genetic relations with SNRs
were not found. It can therefore be inferred that some
SNRs have very short lifetimes. Therefore, failing to find
SNRs around AXPs and SGRs does not necessarily mean
that AXPs and SGRs have to be much older than 104-105
yrs, the lifetime of SNRs.
There are several criteria to be checked to see if there
is a genetic connection between an X-ray pulsar and a
SNR (see Kaspi 2000 and Allakhverdiev et al. 1997a for
pulsar - SNR connections). One must try to use all of
these criteria to check if the connection is real or not, tak-
ing into account the reliability and applicability of each
of the criteria. Some important points to be checked for
an association to be real are: 1) Position of the neutron
star with respect to the geometrical center of the SNR.
2) Evidence for interactions between the neutron star and
the ambient medium. 3) Comparing neutral hydrogen col-
umn density (NHI) values of the neutron star and the
SNR within error limits to check if they can be at the
same distance. 4) Comparing the estimated space veloci-
ties of AXPs/SGRs with the space velocity distribution of
radio pulsars. The velocity estimates in our Tables refer
to the projected space velocity on the sky and, on the av-
erage, space velocity is (3/2)1/2 times the projected space
velocity. 5) Comparing the age of the SNR and the charac-
teristic time, τ = P/(n−1)P˙ of the AXP/SGR is relevant
for assessing the possibility that these sources are magne-
tars. The characteristic time taken as τ is close to the real
age only if the neutron star is an isolated rotating dipole
and if its period is much greater than its initial period. If
AXPs and SGRs are magnetars then, due to magnetic field
decay and/or interaction with the surrounding matter, a
characteristic age τ = P/(n−1)P˙ , n 6= 3, may give a close
estimate of the real age. The comparison of the neutron
star age with the SNR age is model dependent but possi-
ble for a range of magnetar/field-decay models. If AXPs
and SGRs are accreting sources, then τ = P/(n − 1)P˙ is
not related with the real age.
Among these criteria the strongest one is the position
of the AXP/SGR with respect to the SNR. Because AXPs
and SGRs are rare objects, chance projection is not very
probable. The data related with the other criteria are usu-
ally insufficient and not very reliable. As the observational
data improve, the criteria other than the position will be-
come more usable. Our strategy is to take all criteria into
account while examining the connections, keeping in mind
the uncertainties of each criterion. The dynamical charac-
teristics of the shells of the SNRs possibly connected with
the AXPs/SGRs are, in general, similar to the character-
istics of the radio pulsar associated SNR shells. We there-
fore assume, for our discussion of space velocities, that
AXPs/SGRs have roughly the same kinematical charac-
teristics as the radio pulsars.
In a companion paper we attempt to improve the dis-
tance values of the SNRs given in the Galactic SNRs cat-
alog (Green, 2000) by examining the distance values of
the SNRs given in the literature, their neutral hydrogen
column densities (NHI), explosion energies (E) of the su-
pernovae that formed them, and densities of the ambient
medium (Ankay et al., 2001). The distance and the diam-
eter values presented without giving references in Tables
2 and 4 were taken from this work.
In Section 2, we discuss possible connections of SGRs
and AXPs to SNRs. For AXP/SNR associations our con-
clusions weighing all available criteria agree with the con-
clusions of Gaensler et al. (2001) on the basis of posi-
tional coincidence alone. For SGR/SNR associations, we
conclude that several connections previously excluded by
Gaensler et al. (2001) are actually likely. Marsden et al.
(2001) also examined possible connections for the group
of AXPs and SGRs we investigate here. In addition, they
study the sources AXP 0720-3125 and SGR 1801-23 which
are not confirmed as AXP and SGR, respectively. These
two sources are not considered here. They conclude almost
all of the AXPs/SGRs, and the unconfirmed AXP/SGR
candidates they study are associated with SNRs, leading
in some cases to very high neutron star space velocities
with realistic distances. These associations were adopted
without comparative study of different criteria. We con-
clude that only 3 AXP-SNR associations and 2 SGR-SNR
associations can be adopted with some confidence. We
present the conclusions in Section 3.
2. Connections of AXPs and SGRs with SNRs
Below, we examine each pair of AXP/SGR-SNR using the
data of AXPs/SGRs and SNRs given in Tables 1,3 and
2,4, respectively. In the Tables, β ≡ ∆θ/θ is the ratio be-
tween the offset, ∆θ, of the neutron star’s position from
the geometrical center of the SNR and the angular radius,
θ, of the SNR. By this definition, ∆θ/θ corresponds to
VNS/Vexp, where VNS denotes the projected space ve-
locity of the neutron star and Vexp denotes the expansion
velocity of the SNR.
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Table 1. The Data of Soft-gamma Repeaters
Names & P P˙10−11 τ103 d NHI10
21
Remarks (s) (ss−1) (yr) (kpc) (cm−2)
(0.1− 2.4keV)
SGR 0526-66 8.1 50− 55 5− 10
SNR N49 [6] [7]
Connection
SGR 1806-20 7.47 8.3 1.4 14.5 60
(AX 1805.7-2025) [1] [1] [15] [1, 10, 12]
SNR G10.0-0.3 8.1− 11.7
Jet [9]
[14, 13]
Connection
SGR 1900+14 5.16 11 0.74− 1.3 5 21.6
SNR G42.8+0.6 [2, 3, 8, 13] [2] 0.71 [3] [3]
5.82 [3] ∼ 30− 50
[4] [2]
6.0
[13, 10]
6.13
[8]
SGR 1627-41 6.41? 11 77
SNR G337.0-0.1 [4, 5] [11] [4]
(CTB 33)
[1] Kouveliotou et al., 1998; [2] Kouveliotou et al., 1999; [3] Hurley et al., 1999b; [4] Woods et al., 1999a; [5] Dieters et al.,
1998; [6]Mazets et al., 1979; [7] Marsden et al., 1996; [8] Woods et al., 1999b; [9] Woods et al., 2000; [10] Sonobe et al., 1994;
[11] Corbel et al., 1999; [12] Murakami et al., 1994; [13] Marsden et al., 1999; [14] Kulkarni et al., 1994; [15] Green, 2000
2.1. SGR-SNR Connections
SGR 0526-66 – SNR N49: The position of SGR 0526-
66 is close to the boundary of SNR N49 in the Large
Magellanic Cloud. The SNR is expanding roughly spheri-
cally in a medium in which there are many dense clouds.
Its surface brightness values are very inhomogeneous in
both radio and X-ray bands (Banas et al., 1997; Williams
et al., 1999; Castro-Tirado & Gorosabel, 1999). As the lin-
ear diameter of the SNR is about 15-16 pc its age should
not be much larger than t = 5.5 × 103 yrs (Vancura et
al., 1992). Taking the age of the SGR to be 5.5 × 103 yrs
the space velocity of the neutron star must be approxi-
mately 1200 km/s (Marsden et al., 1999). No bow-shock
or jet from the SGR has been observed. For comparison,
PSR J1801-2451 associated with SNR G5.4-1.2, which has
the largest β value (close to 1) among all of the radio pul-
sars connected with SNRs and a comparable high velocity,
does show a bow-shock (Frail and Kulkarni, 1991).
N49 has a large and thermal luminosity in the ultra-
violet and X-ray bands (Hughes et al., 1998; Banas et al.,
1997). This is the result of the ambient medium being
very dense. The explosion energy of N49 is ∼ 1.5 × 1051
ergs but, as it is expanding in a dense medium, its expan-
sion velocity must have dropped rapidly. Even with the
large SGR velocity, the observed β = 0.6-1 indicates that
the SNR has expanded at a low rate, of the order of the
pulsar’s velocity. From the range β = 0.6-1, V = 1000-
1700 km/s, we adopt a representative value, VNS = 1200
km/s (Marsden et al., 1999). According to Allakhverdiev
et al. (1997b) the space velocity distribution of pulsars
has a mean V¯NS
∼= 250 km/s. Hansen & Phinney (1997)
give V¯NS
∼= 250-300 km/s with a standard deviation σ
= 190 km/s. On the other hand, Lorimer et al. (1997)
give a higher value V¯NS
∼= 500 km/s. Although VNS =
1200 km/s for SGR 0526-66 is ∼ 2.5-5 times higher than
these mean pulsar velocity values, this velocity value is
compatible with the high velocity tail of the space veloc-
ity distribution of pulsars, which extends to roughly 1000
km/s.
The NHI values of the SGR and the SNR are com-
parable within error limits and based on the positional
coincidence we conclude that this association is real. The
association will be definitely confirmed if future observa-
tions resolve a bow-shock or jet from SGR 0526-66.
SGR 1806-20 – SNR G10.0-0.3: SGR 1806-20, with
β ≤ 0.5 as seen from Table 2, is projected relatively close
to the center of SNR G10.0-0.3. The SNR’s angular di-
mensions are 6′ × 9′ (Frail et al., 1997), so that its linear
diameter must be ∼ 24 pc if its distance is ∼ 11 kpc con-
sistent with NHI = 6 × 10
22 cm-2. On the other hand, as
the X-ray surface brightness is concentrated in the cen-
tral part of the SNR (plerion type, Vasisht et al., 1995; in
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Table 2. The Data of Supernova Remnants in the Directions of SGRs
Names & d t Ekin kT Type α ∆θ/θ D NHI Lx Density VNS
Remarks (kpc) (kyr) (1050erg) (keV ) (orβ) (pc) (1021cm−2) (1033erg/s) (♯/cm3) (km/s)
N49 50− 55 5.5 ∼ 15 0.6 S? 0.6− 1 16 21 63a no = 30
c 1200e
(in LMC) [8, 11, 15] [15] [15] [8] [8] [15] [15] [14, 8] [11]
0.8 2100b no = 2.6
c 2900
[11] [13] [15] [10]
20− 940d
[13]
G10.0-0.3 12 10 ? 0.8 0.0− 0.5 24 Dense 800
11 [11] F [18] 0.5 Maser [11]
[9] [6] 0.6 [11] [1]
14.5 [6]
[17]
G42.8+0.6 6 10 S 0.5? 1.2− 1.4 42 f Not ∼ 1800
5 [6, 10, 11] [18] [10] [7] Dense [10]
[7] 1.4 2000
[11] [11]
480− 5500
[5]
G337.0-0.1 12 ∼ 5 S 0.6? 2− 2.3 6 Dense? 800
(CTB 33) 11 [9] [18] [9] 4.8 Masers [10]
[9, 4] 1.6 [9] [12, 1, 9, 2] 1000
[3] 5.1 [11, 9]
1.7 [4] 200− 2000
[16] [16]
[1] Frail et al., 1996; [2] Brogan et al., 2000; [3] Smith et al., 1999; [4] Sarma et al., 1997; [5] Hurley et al., 1999b; [6] Vasisht
et al., 1995; [7] Vasisht et al., 1994; [8] Vancura et al., 1992; [9] Corbel et al., 1999; [10] Gaensler, 2000; [11] Marsden et al.,
1999; [12] Koralesky et al., 1998b; [13] Banas et al., 1997; [14] Blair et al., 2000; [15] Hughes et al., 1998; [16] Hurley et al.,
1999a; [17] Green, 2000
a for 0.5-5 keV
b optical
c preshock
d clouds
e adopted in the present assessment
f no other SNR with Lx>0.001 erg/s
Green, 2000, where SNRs are classified according to radio
data only, the type of this remnant is not determined) we
can assume that this SNR is C-type. The corresponding
excess in the radio band is not resolved in current data.
Sometimes a jet is observed in the plerionic part of the
SNR (Frail et al., 1997).
In Green (2000) the SNR’s spectral index is α = 0.8
and in Vasisht et al. (1995) it is given as α = 0.6. For an
S- or C-type remnant with an age of 104 yrs (Marsden et
al., 1999) α = 0.6 is a reasonable value.
Even if we assume that there is an uncertainty of a
factor of about 2 in the SNR’s age the characteristic age
of SGR 1806-20 is at least 3.5 times less than the age
of SNR G10.0-0.3 which corresponds to a braking index
of 1.6. Although young radio pulsars have braking index
values less than 3 none of them has n < 2, except for the
Vela pulsar for which n = 1.4 was claimed (Lyne et al.
1996), but this is subject to some uncertainty because of
the large effects of interglitch relaxation in this pulsar.
Based on the positional coincidence and the observed
jet in addition to the plerionic characteristic of the SNR,
there seems to be a genetic connection between SGR 1806-
20 and SNR G10.0-0.3.
SGR 1900+14 – SNR G42.8+0.6: SGR 1900+14, as
seen from Table 2, is located outside SNR 42.8+0.6 (see
also Hurley et al., 1999b). There is a high mass X-ray bi-
nary (HMXB 1907+0.97) in this direction (l = 43.7o, b =
0.5o) with NHI
∼= 1.5 × 1022 cm-2 and distance ∼ 3 kpc
(Guseinov et al., 2000, 2001). NHI value of SGR 1900+14
is ∼ 3 × 1022 cm-2, suggesting that it may be located in
the Sagittarius arm of the Galaxy, 6 kpc from the Sun.
The distance of the SNR is given as 5 kpc (Vasisht et
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Table 3. The Data of Anomalous X-ray Pulsars
Names & P P˙10−11 τ103 d NHI10
21
Remarks (s) (ss−1) (yr) (kpc) (cm−2)
(0.1− 2.4keV)
AXP 1E 1841-045 11.77 4.1 4.7 6− 7.5 30
SNR G27.4+0.0 [11, 12] [12] [16] [13]
(Kes 73)
Connection
AXP AX J1845.0-0300 6.97 0.78? 14? ∼ 8.5 46
(AX J1845-0258) [14] [14, 18] [13]
SNR G29.6+0.1 15 100
Connection [2] [18, 19]
AXP 1E 2259+586 6.98 0.06 180 5.6 8.5
SNR G109.1-1.0 [7, 5, 19] [5, 8, 19] [17] [6]
(CTB 109) 9
Jet [19] [13]
Connection 3− 12
[20]
AXP RXS J170849-4009 11.0 2.25 8.7 14
SNR G346.6-0.2 [9] [10] [13, 9]
AXP 1E 1048.1-5937 6.45 1.5 − 4 2.5− 6.7 > 2.8, 10 5.5− 16
SNR G287.7-0.5 [2, 1] [3, 4] [2] [1]
(absent in Green, 2000) 3.3 3.7 10.6 5
[1] [15] [13]
3
[1]
[1] Corbet & Mihara, 1997; [2] Seward et al., 1986; [3] Mereghetti, 1995; [4] Oosterbroek et al., 1998; [5] Baykal & Swank,
1996; [6] Rho & Petre, 1997; [7] Fahlman & Gregory, 1981; [8] Kaspi et al., 1999; [9] Sugizaki et al., 1997; [10] Israel et al.,
1999; [11] Vasisht & Gotthelf, 1997; [12] Gotthelf et al., 1999; [13] Mereghetti, 2001a; [14] Torii et al., 1998; [15] Mereghetti
& Stella, 1995; [16] Sanbonmatsu & Helfand, 1992; [17] Hughes et al., 1984; [18] Gaensler et al., 1999; [19] Morini et al.,
1988; [20] Parmar et al., 1998
al., 1994) and 6 kpc (Ankay et al., 2001) consistent with
the distance of the Sagittarius arm. P˙ values of the SGR
vary considerably with time. An average characteristic age
value, τ = P/2P˙, of 103 yrs can be adopted for this SGR.
This value is 10 times less than the age of the SNR. As
the relevance of the characteristic age to real age depends
on the theoretical model, we must turn to other criteria
before ruling out this association. If we assume the age
of the SGR to be as large as the SNR’s age, i.e. 104 yrs,
and if its distance is 6 kpc, projection of its space velocity
on the sky is (2-3) × 103 km/s, depending on the estima-
tion of β. These velocities are ∼ 4-12 times larger than
average pulsar velocity values given above (Allakhverdiev
et al., 1997b; Hansen & Phinney, 1997; Lorimer et al.,
1997). In addition, β > 1. Last but not least, Lorimer &
Xilouris (2000) have discovered a young radio pulsar, PSR
J1907+0918, of period 226 ms, which is the likely true as-
sociation of SNR G42.8+0.6. Because of these reasons, we
conclude that there is not a genetic relation between SGR
1900+14 and SNR 42.8+0.6. It should also be noted that
in the direction of the SGR no SNR with Lx > 10
32 ergs/s
was found in the X-ray band (Vasisht et al., 1994).
SGR 1627-41 – SNR G337.0-0.1 (CTB 33): SGR
1627-41 is located outside SNR G337.0-0.1 (CTB 33) (see
Table 2). These two objects may be approximately at the
same distance. If the SNR’s progenitor was an O-type star
(we may assume this to be true, because the medium sur-
rounding the SNR is very dense), then the SNR is expand-
ing within an HII region. Within the HII region there may
be some dense clouds (the SNR has an irregular shape).
The neutron star velocity values presented in Table 2 were
calculated assuming the SNR’s age to be 5 × 103 yrs. As
seen from Table 2, for β = 2-2.3 the projection of the space
velocity of the neutron star is 800-1000 km/s. In this case,
average velocity of the SNR’s shock wave must be about
500 km/s or less. If such a young SNR’s expansion veloc-
ity were < 500 km/s then the supernova explosion energy
should be relatively low. Could the neutron star velocity
be 2-4 times greater than the average velocity of pulsars
if the supernova explosion energy were really low? This
might be the case only if the supernova explosion energy
was very asymmetric.
There seems to be another contradiction concerning
the SNR alone: An age of t ∼ 5000 years is a large value
for D = 5-6 pc. As the linear diameter value cannot be very
different from 5-6 pc, the age of the SNR might be even less
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Table 4. The Data of Supernova Remnants in the Directions of AXPs
Names & d t Ekin kT Type α ∆θ/θ D NHI Lx Density VNS
Remarks (kpc) (kyr) (1050erg) (keV ) (orβ) (pc) (1021cm−2) (1033erg/s) (♯/cm3) (km/s)
G27.4+0.0 6.5 ≤ 3 ∼ 0.86 S 0.68 0.1 − 0.2 7.6 5 200b Dense? < 500
(Kes 73) [5] [5, 6] [6] [16] [5, 7] [5] [5] [9]
[7] 2 0.1 5− 20 200
[7] [10] [6] [10]
G29.6+0.1 11 < 8 S 0.5? 0.1 − 0.2 16 < 500
[1] 12 [1, 2] [16] [1] [9]
[10] 10 0.4− 0.7 0.1 200
[10] [1] [10] [10]
G109.1-1.0 5 3 10− 100 0.95 S 0.50 0.2 − 0.3 40.6 4 ∼ 1000c D.M.C.f < 500
(CTB 109) 3.6 − 5.2 [3, 4] [14] [4] [16] [3, 8] [14] ∼ 40d [4, 16] [9]
X-ray jeta [15] 10 0.7 0.2 8− 10 [14] n¯o = 0.25 ∼ 300
h
[14] [14, 3, 8] [14] [10] [12] 120d23.5
e [14] [10]
12− 17 no = 20
g 15i
[15] [11]
G346.6-0.2 10 20 S 0.5? ≥ 1.7 23 Dense? 1000
9− 10 [10] [16] [10] Maser [10]
[10] [13]
[1] Gaensler et al., 1999; [2] Gotthelf et al., 2000; [3] Rho & Petre, 1997; [4] Parmar et al., 1998; [5] Sanbonmatsu & Helfand,
1992; [6] Helfand et al., 1994; [7] Vasisht & Gotthelf, 1997; [8] Green, 1989; [9] Gaensler, 2000; [10] Marsden et al., 1999;
[11] Fesen & Hurford, 1995; [12] Rho & Petre, 1993; [13] Koralesky et al., 1998a; [14] Morini et al., 1988; [15] Gregory &
Fahlman, 1980; [16] Green, 2000
a with kT≈0.3 keV
b for 0.3-4 keV
c for >0.1 keV
d for >2 keV
e for 1.2-20 keV
f dense molecular cloud
g preshock
h for t=(7-10) × 103 yrs
i for t=1.8 × 105 yrs
than 5000 years. In this case, the projected space velocity
of the neutron star becomes > 1000 km/s, making the
discrepancy between the neutron star kinetic energy and
the supernova explosion energy even stronger. In addition
to these difficulties, β = 1.6-2.3, i.e. the neutron star is
well outside the remnant. A genetic connection between
SGR 1627-41 and SNR G337.0-0.1 is unlikely.
2.2. AXP-SNR Connections
AXP 1E 1841-045 – SNR G27.4+0.0: AXP 1E 1841-
045 is projected on the central region of SNR G27.4+0.0
(see Table 4). It is seen from Tables 3 and 4 that the NHI
value of the AXP is about 3 times greater than the SNR’s
neutral hydrogen column density. If we take into account
the uncertainty in NHI values we cannot exclude the pos-
sibility of a connection between the AXP and the SNR. If
the AXP is a magnetar, the characteristic age of the AXP
is 4.7 × 103 yrs. The age of the SNR is estimated as (2-3)
× 103 yrs. Considering the uncertainties in the ages of the
AXP and the SNR we can assume that both have ages
of about (3-5) × 103 yrs. This is not a bad assumption,
because the implied space velocity of the AXP is < 500
km/s (Table 4, last column). So, AXP 1E 1841-045 might
be born in the same supernova explosion that formed the
SNR G27.4+0.0 which is considered to be an S-type SNR
(Green, 2000).
On the basis of the central position of AXP 1E 1841-
045 within SNR G27.4+0.0 and the compatibility of dis-
tance values, we conclude this is a true association. The
ages are also consistent if the AXP is a magnetar.
AXP J1845.0-0300 – SNR G29.6+0.1:AXP J1845.0-
0300 is projected on the center of SNR G29.6+0.1. This
AXP has an NHI value of ∼ (5-10) × 10
22 cm-2. SNR
G29.6+0.1 is at ∼ 11 kpc and has a direction of l ∼ 30o,
so that, the line of sight cuts the Sagitarius arm of the
Galaxy twice and the Expanding arm, which is 3 kpc away
from the Galactic center, once. So, the NHI value of the
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SNR can also be large, possibly of the order of the AXP’s
NHI. For such high NHI values it is not possible to test dis-
tance agreement to better than 2-3 kpc. Thus, we can not
exclude the possibility of a connection between the AXP
and the SNR, because the AXP is projected on the center
of SNR G29.6+0.1. SNR G29.6+0.1 has not yet been in-
vestigated in detail. There may be structure in the central
region of this remnant. If resolved this would constitute
supportive evidence for the association. We conclude that
a genetic connection between AXP J1845.0-0300 and SNR
G29.6+0.1 is likely.
AXP 1E 2259+586 – SNR G109.1-1.0 (CTB 109):
AXP 1E 2259+586, as seen from Tables 3 and 4, must
have a genetic relation with SNR G109.1-1.0 (CTB 109)
(see β, d, NHI values). This SNR is S-type in both ra-
dio and X-ray bands. In this region of the Galaxy, in the
anticenter direction, it is particularly improbable for an
AXP to have a projection on the central region of a SNR
by chance. As evidence for connection, X-ray observations
show a jet in CTB 109 (Morini et al., 1988).
Contrary to these indications of a connection, if the
AXP is a magnetar the SNR’s age of about (3-10) × 103
yrs does not agree with the AXP’s characteristic time
P/2P˙ = 1.8 × 105 yrs (for n = 3). As known from dif-
ferent evolutionary tracks of pulsars on the P-P˙ diagram
the braking index (n) of a pulsar which is expected to
have a very high magnetic field and has a luminosity of
about 1035 ergs/s in the X-ray band may be ≤ 3 because
of the interaction of the pulsar with the surrounding mat-
ter (Yusifov et al. 1995). But, in this case the difference
between the ages becomes even larger. Even if we assume
that the AXP is a magnetar with significant field decay,
and the SNR’s age has an uncertainty of a factor of ∼ 2, an
average braking index n ≥ 13 is obtained. For such power
law decay, or exponential decays of the magnetic field,
we might expect to see evidence of the energy released,
since magnetar fields are supposed to be responsible for
the bursts in SGRs. There is no evidence of an extra en-
ergy source in the properties of AXP 1E 2259+586 and
SNR CTB 109.
It is highly probable that there is a genetic relation
between AXP 1E 2259+586 and SNR G109.1-1.0 on the
basis of the significant positional coincidence and distance.
In this case, there is a strong age discrepancy for the mag-
netar model.
AXP RXS J170849-4009 – SNR G346.6-0.2: For
this AXP – SNR pair, the value of β ≥ 1.7 is large. If the
distance of the AXP is 10 kpc and its age is 2 × 104 yrs,
the same as the SNR’s age, projection of its space velocity
on the sky will be 1000 km/s. If the angular diameter of
the SNR is 8′ (Green 2000) then, from the Σ-D relation,
its diameter and distance will be 23 pc and 10 kpc, respec-
tively (Ankay, 2001). At 10 kpc the AXP would be beyond
the Inner (Expanding) arm of the Galaxy. The NHI value
is consistent with such a location. Although distance and
NHI values are compatible, β is so large, and the velocity
inferred is also large compared to the velocities inferred
for the other AXPs. We conclude that there is no connec-
tion between the AXP and the SNR.
AXP 1E 1048.1-5937 – G287.8-0.5: There is no can-
didate SNR that can be genetically related with AXP 1E
1048.1-5937. In the direction of this AXP there is the
source G287.8-0.5 which was given as an unexamined SNR
candidate (Jones, 1973; Becker et al., 1976), but it is not
included in the Galactic SNRs catalog of Green (2000).
As the data of this source are insufficient and not reliable
it is difficult to claim it as a SNR and it does not make
much sense to examine its possible relation with the AXP.
AXP 4U 0142+61: There is no SNR observed in this
direction.
3. Conclusions
We found that 3 AXPs and 2 SGRs are, most probably,
genetically connected with related SNRs: AXP 1E 1841-
045 – SNR G27.4+0.0 (Kes 73), AXP AXJ 1845.0-0300
– SNR G29.6+0.1, AXP 1E 2259+586 – SNR G109.1-1.0
(CTB 109), SGR 0526-66 – SNR N49, SGR 1806-20 – SNR
G10.0-0.3.
The difference between the age of the SNR and the
characteristic time of the AXP/SGR is very large in two
cases even if we take into account the uncertainty in the
age of the SNR which is about a factor of 2. For the pair
AXP 1E 2259+586 – SNR G109.1-1.0 (CTB 109) the τ
value of the AXP is at least 6 times greater than the age
of the SNR. So, the braking index of AXP 1E 2259+586
must be at least 13. In the case of SGR 1806-20 – SNR
G10.0-0.3 the situation is just the opposite; the age of
the SNR is at least 3.5 times greater than the τ value of
the SGR which corresponds to a braking index value of
about 1.6. For the other two associated AXP-SNR pairs,
the τ and SNR age values are comparable within error
limits. These characteristic ages are relevant to magnetar
models. The associations then indicate that, if the AXPs
and SGRs are magnetars then not all AXPs and SGRs are
the same kind of magnetar. Furthermore, if the supposed
magnetar age is as small as the SNR age, as in the case
of AXP 1E 2259+586, then the rate of energy release by
the magnetic field is very large. The question is then why
there is no evidence of this energy release either in the
SNR or in some signature of the AXP.
SGR 0526-66 and SGR 1806-20, which are associated
with SNRs, have projected space velocities VNS ∼ 800-
1200 km/s, higher than the average space velocity of pul-
sars but consistent with the high velocity tail of the radio
pulsar space velocity distribution. The AXPs connected
with SNRs have projected space velocities < 500 km/s
consistent with the average space velocity of pulsars. We
note that the velocity values given in Tables 2 and 4 re-
fer to the projected space velocity on the sky and, on the
average, the space velocity is equal to (3/2)1/2 times the
projected space velocity.
The SNRs connected with the SGRs are not normal
S-type remnants, whereas the SNRs connected with the
AXPs are pure S-type. Similar to the effects of radio pul-
sars connected with SNRs, the effects of SGRs on their re-
8 Ankay et al.: Genetic Connections of AXPs & SGRs with SNRs
lated SNRs are stronger compared to the effects of AXPs.
For pulsars the source of such effects on SNRs is the loss of
the neutron star’s rotational energy, i.e. E˙ = 4pi2I(P˙/P 3).
For the effect on the SNR to be large E˙ must be large.
E˙ values of AXPs and SGRs are about 102-103 times
less than the E˙ values of young pulsars. Because of this,
the SNRs genetically related with AXPs and SGRs being
S-type would be considered normal if rotational energy
were the only energy source. If AXPs and SGRs are the
same type of object, and if they have energy sources other
than rotation, either for accretion or for magnetar models,
why is it that the SNRs associated with SGRs are differ-
ent from the SNRs associated with AXPs? In particular,
if AXPs also experience gamma-ray bursts powered by
magnetic energy, then why is it that the SNRs associated
with AXPs do not contain plerions?Are the differences in
the SNR morphologies significant, since we have only five
SNRs associated with AXPs and SGRs? These issues may
be resolved with better resolution images of the SNRs.
We investigated the medium in which the AXPs,
SGRs, and pulsars (genetically related with the SNRs)
are located in to find possible masses of the progeni-
tors through associated star clusters and to check if there
are some differences in density of the ambient medium.
Contrary to the claim of Marsden et al. (2001), we did
not find any significant differences in the density of the
SNRs connected with AXPs/SGRs compared to the den-
sity of the SNRs associated with radio pulsars located in
Galactic arm regions (see Tables 2 and 4).
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